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Introduction
!

Endoscopic submucosal dissection (ESD) can re-
move superficial esophageal cancers in an en
bloc manner and allows precise histologic evalua-
tion [1,2]. The indication for ESD in a patient with
esophageal cancer is a tumor confined to the mu-
cosa with a low risk for lymph node metastasis.
The long-term outcome of endoscopic resection
in patients with superficial esophageal cancer is
excellent [3]. However, when larger lesions, such
as semicircular lesions, are removed, there is a
high risk for post-ESD esophageal stricture. The
frequency of stricture after ESD for esophageal
cancer in patients at high risk (mucosal defect of
more than three-quarters of the circumference)
is 70% to 90% [4–6]. Multivariate analysis has
shown that a mucosal defect of more than three-
quarters of the circumference is a reliable predic-
tor of stricture [4,7,8].

One of the prophylactic treatments for post-ESD
stricture is oral systemic prednisolone or intrale-
sional steroid injection. These methods can re-
duce the frequency of stricture [5,6,9]. Our team
has administered multiple intralesional steroid
injections in a single session immediately after
ESD to effectively suppress inflammation. This
method reduces the total dose of steroids and
eliminates the need for additional endoscopic in-
tervention after ESD. Although the frequency of
stricture is reduced, some patients require re-
peated sessions of endoscopic balloon dilation
(EBD) because of refractory stricture, and the risk
for refractory stricture is unknown. Moreover, the
safety of steroid injections has not beenwell eval-
uated. Therefore, we undertook this study to in-
vestigate the risk for refractory stricture after
esophageal ESD despite the administration of
steroid injections to prevent stricture in patients
with a mucosal defect greater than three-quarters
of the esophageal circumference. The safety of
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Background: Although steroid injection prevents
stricture after esophageal endoscopic submucosal
dissection (ESD), some patients require repeated
sessions of endoscopic balloon dilation (EBD).
We investigated the risk for refractory stricture
despite the administration of steroid injections
to prevent stricture in patients undergoing
esophageal ESD. Refractory stricture was defined
as the requirement for more than three sessions
of EBD to resolve the stricture. In addition, the
safety of steroid injections was assessed based on
the rate of complications.
Patients and methods: We analyzed data from
127 consecutive patients who underwent esoph-
ageal ESD and hadmucosal defects with a circum-
ferential extent greater than three-quarters of the
esophagus. To prevent stricture, steroid injection
was performed. EBD was performed whenever a
patient had symptoms of dysphagia.

Results: The percentage of patients with a tumor
circumferential extent greater than 75% was sig-
nificantly higher in thosewith refractory stricture
than in those without stricture (P=0.001). Multi-
variate analysis adjusted for age, sex, history of ra-
diation therapy, tumor location, and tumor diam-
eter showed that a tumor circumferential extent
greater than 75% was an independent risk factor
for refractory stricture (adjusted odds ratio [OR]
5.49 [95%CI 1.91–15.84], P=0.002). Major ad-
verse events occurred in 3 patients (2.4%): per-
foration during EBD in 2 patients and delayed per-
foration after EBD in 1 patient. The patient with
delayed perforation underwent esophagectomy
because of mediastinitis.
Conclusions: A tumor circumferential extent
greater than 75% is an independent risk factor
for refractory stricture despite steroid injections.
The development of more extensive interventions
is warranted to prevent refractory stricture.
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steroid injections was also investigated by assessing complica-
tions.

Patients and methods
!

Patients
Between September 2010 and February 2014, 370 consecutive
patients with superficial esophageal cancer were treated by ESD.
To prevent post-ESD stricture, triamcinolone was injected imme-
diately after ESD in patients with a mucosal defect that involved
more than three-quarters of the esophageal circumference.
Therefore, these patients had a high risk for post-ESD stricture.
The patient data were consecutively stored in a database and in-
cluded tumor size, location, type, and histologic findings; opera-
tion time; and intraoperative and postoperative adverse events.
We obtained permission to perform data analysis from the insti-
tutional review board of our hospital.

Endoscopic submucosal dissection procedure
The ESD procedure beganwith the patient under conscious anes-
thesia induced with an intravenous injection of midazolam and
pentazocine hydrochloride. Additional midazolam was adminis-
tered to maintain continuous sedation as needed throughout the
procedure. All of the procedures were performed with an upper
gastrointestinal endoscope (GIF-Q260J; Olympus, Tokyo, Japan)
that was fitted with a transparent cap (D-201-11804; Olympus).
A VIO 300D Electrosurgical Generator (Erbe Electromedizin, Tü-
bingen, Germany) was used as the electrosurgical generator unit.
A 0.75% iodine solution was used to delineate the tumor margin,
andmarker dots were placed circumferentially outside the tumor
margins with a flush knife (DK2618JN; Fujifilm Medical, Tokyo,
Japan) or hook knife (KD-620LR; Olympus, Tokyo, Japan). The
mucosal incision and submucosal dissection were performed
with a flush knife, hook knife, or Mucosectom (DP-2518; Pentax,
Tokyo, Japan). To lift the mucosa, 0.4% sodium hyaluronic acid
(Mucoup; Johnson and Johnson K.K., Tokyo, Japan) was injected
into the submucosa. Carbon dioxide insufflation was used during
the procedure. Resected specimens were extended on a board
with pins, fixed in 10% formalin for 24 hours, and sectioned at
2-mm intervals. Tumor size, invasion depth, lymphatic and vas-
cular involvement, and tumor involvement of the lateral and ver-
tical margins were assessed.

Prevention of stricture
A single session of intralesional steroid injections was undertak-
en immediately after ESD. Triamcinolone acetonide (Kenacort,
50mg/5 mL; Bristol-Meyers Squibb, Tokyo, Japan) was diluted
1:1 with saline to make a 5-mg/mL solution. A 25-gauge needle
was used to inject the solution evenly into the residual submuco-
sal tissue of the ulcer bed in 0.5- to 1.0-mL increments (20–40
punctures). The initial injections were performed at the margins
of the ulcer, and then linear injections were performed from the
distal to the proximal side of the ulcer margin (●" Video 1). If the
muscle layer was partially exposed during ESD, steroid injections
were not performed in that area to avoid possible muscle damage
and delayed perforation. To effectively inject triamcinolone into
the submucosal layer, submucosal dissection had to be per-
formed at the middle level of the submucosal layer to create suf-
ficient space. The amount of triamcinolone depended the size of
the lesion and ranged from 50 to 100mg. Systemic steroid ad-
ministration was combined with local steroid injection in pa-

tients who had a defect extending over the entire circumference
because of the possibility that an extremely severe stricture
could develop [9,10]. Oral prednisolone was given at 5mg/d on
the second day after ESD and was continued for 8 weeks.

Follow-up and management of stricture
Follow-up endoscopy was scheduled at 2 months after ESD un-
less a patient experienced dysphagia (●" Fig.1). EBD was per-
formed when a patient experienced persistent dysphagia to so-
lids. Stricture was defined as the presence of dysphagia with dif-
ficulty to some solids (dysphagia score of 2) or as the inability to
pass an endoscope with a dimeter of 9.2mm or larger (●" Fig.2).
EBD was performed by using a controlled radial expansion bal-
loon (Boston Scientific, Marlborough, Massachusetts, USA). The
size of the dilators that were used for the initial procedure varied
from 12 to 15mm according to the degree of the stricture. EBD
was performed whenever a patient experienced dysphagia and
was repeated on demand until the dysphagia resolved. Refractory
stricture was defined as the requirement for more than three ses-
sions of EBD to resolve the stricture. Perforation was diagnosed if
mediastinal connective tissue was observed during the proce-
dure. Mediastinal emphysema was diagnosed by the presence of
air in the mediastinal space on plain radiography.

Statistical analysis
Categorical data were analyzed with the chi-squared test or Fi-
scher’s exact test, and numerical data were analyzed with Stu-
dent’s t test. Multivariate logistic regression analysis was used to
identify independent predictors of stricture. A P value of less
than 0.05 was considered significant. SPSS version 14.0 (SPSS,
Chicago, Illinois, USA) was used for statistical analysis.

Results
!

A total of 134 consecutive patients with superficial esophageal
cancer and a mucosal defect extending over more than three-
quarters of the circumference of the esophagus received steroid
therapy to prevent post-ESD stricture. Of these, two patients

Video 1

Administration of steroid injections to prevent esophageal stricture after
endoscopic submucosal dissection. Online content including video sequen-
ces viewable at: http://dx.doi.org/10.1055/s-0042-100903
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Fig.2 a Superficial esophageal cancer in the upper thoracic esophagus. Circumferential tumor extent is greater than 75%. b Semicircular dissection during
endoscopic submucosal dissection (ESD). c Artificial ulcer after ESD. d Triamcinolone is injected into the submucosal layer immediately after ESD. e Stricture
has developed at 2 months after ESD.

Fig.1 a Superficial Barrett’s cancer in the lower thoracic esophagus. Circumferential tumor extent ranges from 50% to 75%. b Marker dots are placed along
the tumor margin. c Artificial ulcer after endoscopic submucosal dissection (ESD). d Triamcinolone is injected into the submucosal layer immediately after ESD.
e No stricture has developed at 2 months after ESD.
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were excluded because they underwent additional surgery after
ESD, two because they were followed at another hospital, and
three because they had a history of subtotal esophagectomy. The
remaining 127 patients were included in the analysis. En bloc re-
section was achieved in all of the patients. The clinicopathologic
features of the patients are shown in●" Table1. The percentage of
patients with a tumor circumferential extent greater than 75%
was significantly higher in those with refractory stricture than
in those without stricture (P=0.001). Multivariate analysis adjus-
ted for age, sex, history of radiation therapy, tumor location, and
tumor diameter showed that a tumor circumferential extent
greater than 75% was an independent risk factor for refractory
stricture (adjusted OR 5.49 [95%CI 1.91–15.84], P=0.002) (●" Ta-
ble2).
In subgroup analysis, resection of the whole circumference was
performed in 12 patients, stricture occurred in 11 patients, and
the median number of EBD sessions required to resolve stricture
was 13 (range 0–40). When the patients were stratified in two

subgroups–whole circumferential resection and semicircular re-
section–multivariate analysis adjusted for age, sex, history of ra-
diation therapy, tumor location, and tumor diameter showed that
a whole circumferential resection was an independent risk factor
for refractory stricture (adjusted OR 19.77 [95%CI 4.67–83.72],
P <0.001).
Major adverse events occurred in 3 of the 127 patients (2.4%):
perforation during the procedure in 2 patients and delayed per-
foration after EBD in 1 patient (●" Table3). The patient with de-
layed perforation (case 3) underwent esophagectomy. He was a
60-year-old man in whom dysphagia developed 1 month after
ESD. Initial EBD was successful, and a steroid (total amount of
100mg of triamcinolone) was injected at the submucosal tear to
avoid re-stricture. At 24 hours after EBD, the patient had chest
pain and fever, and esophageal perforationwas diagnosed by eso-
phagogastroduodenoscopy. In addition, pneumomediastinum
and periesophageal fluid collection were revealed by computed
tomography. In the other patients with perforation, the perfora-
tionwas diagnosed soon after EBD, and theywere treated conser-
vatively with fasting and antibiotics.

Discussion
!

We previously reported that intralesional steroid injection im-
mediately after ESD was effective in preventing post-ESD stric-
ture [6]. However, refractory stricture occurred in some patients,
despite their having received steroid injections. In the current

Table 1 Characteristics of pa-
tients and lesions in a study of risk
factors for esophageal stricture
following endoscopic submucosal
dissection.

Refractory stricture

(+ ) (n=24) (– ) (n=103) P value

Age, mean ± SD, y 68 ± 8 67 ± 8 0.438

Sex, male/female, n 22/2 90/13 0.558

Tumor location, n 0.254

Ce 2 2

Ut, Mt, Lt 21 98

EGJ 1 3

Depth of invasion, n 0.838

T1a 20 84

T1b 4 19

Muscle exposure, n 5 22 0.995

History of radiation therapy, n 1 7 0.633

Tumor circumferential extent, n 0.001

> 1/2,≤3/4 6 63

> 3/4 18 40

Tumor diameter, n 0.561

≤40mm 5 21

≤50mm 6 37

>50mm
EBD sessions, median (range), n

13
7 (3–40)

45
0 (0–2) <0.001

SD, standard deviation; Ce, cervical esophagus; Ut, upper thoracic; Mt, middle thoracic; Lt, lower thoracic; EGJ, esophagogastric junction;
EBD, endoscopic balloon dilation.

Table 2 Predictors of risk for refractory stricture despite preventive steroid
injection after endoscopic submucosal dissection.

Tumor circumferential extent Adjusted OR (95% CI)1 P value

> 1/2,≤3 /4 Reference

> 3/4 5.49 (1.91–15.84) 0.002

OR, odds ratio; CI, confidence interval.
1 Adjusted for age, sex, history of radiation therapy, location of tumor, and tumor
diameter.

Table 3 Adverse events related to endoscopic balloon dilation.

Case

No.

Event Age/sex Tumor

location

Depth of

invasion

History

of RT

Tumor circumferen-

tial extent

Tumor di-

ameter, mm

EBDs before

event, n

1 Perforation 76/M Lt LP No >1/2,≤3/4 35 1

2 Perforation 69/M Mt LP No >3/4 50 0

3 Delayed perforation 60/M Mt LP No >3/4 50 0

RT, radiation therapy; EBD, endoscopic balloon dilation; Lt, lower thoracic; Mt, middle thoracic; LP, lamina propria.
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study, we found that a tumor circumferential extent greater than
75% was an independent risk factor for refractory stricture. A tu-
mor location in the cervical esophagus is thought to be a risk fac-
tor for refractory stricture after ESD because of the variation in
the esophageal luminal diameter, which is smaller in the upper
esophagus than in the lower esophagus [8]. In our study, a tumor
location in the cervical esophagus tended to be associated with
refractory stricture. One of the reasons that this has not been
confirmed as a significant risk factor for refractory stricture is be-
cause of the small number of patients who undergo ESD in the
cervical esophagus. Radiation therapy of the esophagus is
thought to be a risk factor for refractory stricture because radia-
tion itself carries a risk for stricture [11]. In addition, it is difficult
to inject steroids into the submucosal layer owing to post-radia-
tion scar formation. However, an association between radiation
therapy and refractory stricture has not been found.
The injection or oral administration of steroids to prevent stric-
ture has been reported [5,6,9]. Scar formation is thought to be
an integral part of wound healing, a process that involves inflam-
mation, proliferation, and remodeling. Collagen is the major fi-
brous connective tissue protein and provides structural support
in scars [12]. Steroids have been shown to attenuate the inflam-
matory process, reducing collagen and glycosaminoglycan syn-
thesis as well as fibroblast proliferation, and promoting fibroblast
degeneration and inhibition of growth [13]. The advantage of
steroid injection over oral administration is the lower risk for ad-
verse events. This is because the total amount of steroids is smal-
ler and their effects are limited to the submucosal layer when
they are injected rather than administered systemically by the
oral route. In view of the initial daily dose of 30mg and total
dose of 1000mg of prednisolone with this method, the potential
risk for prednisolone-related adverse events, such as infection
and diabetes mellitus, should be considered [14]. To reduce the
total dose of steroids, Kataoka et al. developed short-period and
low-dose steroid therapy, which was a modification of the origi-
nal method of oral prednisolone therapy [15]. With their method,
in which steroid therapy was administered for 3 weeks and the
total steroid dose was 420mg, the rate of stricture was reduced
[15].
One of the disadvantages of steroid injection is the risk for de-
layed perforation [16]. If a steroid is injected into themuscle layer
or deeper, the wall of the esophagus may become fragile. This
leads to perforation because of the infiltration of inflammatory
and granulation cells and insufficient fibrosis in the esophageal
wall [17].
In our study, adverse events occurred in 3 patients: perforation in
2 patients and delayed perforation in 1 patient. The frequency of
perforation related to EBD per patient was 5.9% (2/34). This result
is similar to that in a previous report of esophageal perforation,
9.2% (7/76), in patients who received EBD for the treatment of
esophageal strictures [18]. In our study, all of the adverse events
occurred within 1 month. Adverse events occurred during initial
EBD in 3 patients. Therefore, caution is required during initial
EBD within 1 month after ESD followed by steroid injection be-
cause the wall of the esophagus may be fragile. The esophageal
wall contains transmural inflammatory granulation tissue, with
disruption of the proper muscle layer and the presence of inflam-
matory necrotic tissue on the surface of the ulcer bed, as shown
in a porcine model [17].
Temporary stent placement is a treatment option to avoid stric-
ture. Saito et al. reported biodegradable stent insertion in 7 pa-
tients within 2 to 3 days after ESD [19]. Some of the stents were

effective for preventing stricture, but spontaneous migration oc-
curred between 10 and 21 days after placement. Although
migrated stents are excreted with feces, the risk for gastrointesti-
nal obstruction due to stent migration cannot be ignored.
Recently, another newmethod of preventing stricture was devel-
oped. In this sheet-shielding method, sheets of autologous cells
collected from oral mucosal epithelium [20] or polyglycolic acid
sheets (Neoveil; Gunze Co., Kyoto, Japan) with fibrin glue (Beri-
plast P 3-mL Combi-Set; CSL Behring Pharma, Tokyo, Japan) are
endoscopically transplanted [21,22]. These methods appear to
be promising because they are less invasive than steroid therapy
and are expected to prevent post-ESD stricture. However, they
are associated with problems of cost-effectiveness and technical
difficulties involving sheet delivery systems.
This study has some limitations. It was retrospective. Additional-
ly, the sample sizewas relatively small, which could have resulted
in our failure to identify some other factors related to refractory
stricture.
In conclusion, our data suggest that a tumor circumferential ex-
tent greater than 75% is an independent risk factor for refractory
stricture despite steroid injection. To prevent refractory stricture,
the development of more extensive interventions, such as injec-
tions with systemic steroids, a tissue-shieldingmethod, and stent
insertion, is warranted. In addition, the safety of steroid injec-
tions or EBD in patients with refractory stricture should be eval-
uated in a large number of cases.
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